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ACID CATALYZED REACTIONS OF MONOVINYL DETAILED&E%‘;RTIIP&&ON OF THE
AROMATIC COMPOUNDS

This invention relates to alkylation reactions of
monovinyl aromatic compounds in the presence of acid
catalysts. In one aspect, the invention relates to the
self-condensation of monovinyl aromatic compounds to
produce acyclic dimers. In another aspect, the inven-
tion relates to the alkylation of monovinyl aromatic
compounds with olefinic compounds to produce cyclic
alkylated aromatic products.

BACKGROUND OF THE INVENTION

The acid catalyzed dimerization of monovinyl aro-
matic compounds frequently leads to the predominant
production of cyclic dimers, rather than the acyclic
dimers desired. The production of acyclic dimers is
desirable because acyclic dimers are useful as chemical
intermediates for the preparation of a variety of prod-
ucts. When, instead, monovinyl aromatic compounds
are subjected to acid conditions in the presence of ole-
fins, cyclic alkylation of the monovinyl aromatic com-
pound can occur and is frequently the desired process.
Unfortunately, the propensity of monovinyl aromatic
compounds to self-condense and form cyclic dimers
leads to low yields of the desired cyclialkylated prod-
ucts.

OBJECTS OF THE INVENTION

It is, therefore, an object of the invention to produce
acyclic dimers of monovinyl aromatic compounds
while minimizing the formation of cyclic dimers.

Another object of the invention is the production in
high yield of cyclialkylated aromatic compounds by the
acid catalyzed reaction of monovinyl aromatic com-
pounds with olefins.

Yet another object of the invention is the production
of cyclialkylated aromatic compounds by the acid cata-
lyzed reaction of olefins with acyclic dimers of monovi-
nyl aromatic compounds.

These and other objects of the invention will become
apparent from the disclosure and claims provided
herein.

In accordance with yet another embodiment of the
invention, I have discovered that cyclialkylated prod-
uct can be produced from acylic dimers of monovinyl
aromatic compounds by contacting the acyclic dimer,
olefin and an acid catalyst in the presence of a tetrahy-
drothiophene 1,1-dioxide solvent.

STATEMENT OF THE INVENTION

In accordance with the present invention, I have
discovered that the yield of acyclic dimer formed in the
acid catalyzed reaction of monoviny! aromatic com-
pounds can be greatly increased by carrying out the
reaction in the presence of a tetrahydrothiophene 1,1-
dioxide solvent.

In accordance with another embodiment of the pres-
ent invention, I have discovered that the yield of cy-
clialkylated product formed in the acid catalyzed reac-
tion of monovinyl aromatic compounds with olefins can
be greatly increased by carrying out the reaction in the
presence of a tetrahydrothiophene 1,1-dioxide solvent.
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In accordance with the present invention, a process is
provided for the dimerization of monovinyl aromatic
compounds to produce acyclic dimers which comprises
contacting monovinyl aromatic compounds in the pres-
ence of an acid catalyst and a tetrahydrothiophene 1,1-
dioxide solvent.

In accordance with another embodiment of the pres-
ent invention, a process is provided for producing cy-
clialkylated products from monovinyl aromatic com-
pounds and olefinic compounds which comprises con-
tacting the aromatic and olefinic compounds in the
presence of an acid catalyst and a tetrahydrothiophene
1,1-dioxide solvent.

In accordance with yet another embodiment of the
present invention, a process is provided for the prepara-
tion of cyclialkylated products from acyclic dimers of
monovinyl aromatic compounds and olefins comprising
contacting acyclic dimer and olefin in the presence of
an acid catalyst and a tetrahydrothiophene 1,1-dioxide
solvent.

Tetrahydrothiophene 1,1-dioxide solvents useful in
the practice of the present invention conform to the
following formula:

SO,

R’y

wherein R’ is a C;-Cjg carbon radical, a halide or an
alkoxy derivative having the structure —OR, wherein
Ris H or a C;—Cjpcarbon radical and y is 04, inclusive.
Examples of suitable solvents are tetrahydrothiophene
1-1-dioxide (sulfolane), 2-methyltetrahydrothiophene
1,1-dioxide, 3-methyl-tetrahydrothiophene 1,1-dioxide,
2-ethyltetrahydrothiophene 1,1-dioxide, 3-ethyltetrahy-
drothiophene 1,1-dioxide, 2,5-dimethyltetrahydrothio-
phene 1,1-dioxide and the like, and mixtures of any two
or more thereof.

Monovinyl aromatic compounds which are useful in
the practice of the present invention conform to one of
the following formulae:

or

R’y R'g2

wherein R, R’ and y are as defined above and x is 0-4,
inclusive, with the proviso that at least one ortho posi-
tion with respect to the vinyl substituent is not substi-
tuted. Examples of monovinyl aromatic compounds
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which satisfy the above formulae include styrene, al-
pha-methylstyrene, vinylnaphthalene, 4-methyl-alpha-
methylstyrene, and the like. A presently preferred
monovinyl aromatic compound is alpha-methylstyrene
because of its ready availability, proven reactivity and
established utility of the reaction products.

When monovinyl aromatic compounds are allowed
to self-react in the presence of acid catalysts, the desired
acyclic dimers produced can be represented by the

following formulae:
Ar Ar
IS

R

R"
Ar Ar

/’\/\‘

R

R”

wherein R is H or a C;~Cjg carbon radical, R" is H or
a C1-Cy carbon radical and Ar is an aromatic or substi-
tuted aromatic ring having 6-20 carbon atoms.

Acid catalysts suitable for the practice of the present
invention include those acidic materials which are func-
tional in aqueous systems and are capable of acting as
Friedel-Crafts condensing catalysts. Examples include
phosphoric acid, sulfuric acid, trifluoroacetic acid,
methanesulfonic acid, and the like. When phosphoric
acid is employed as the acid catalyst, it is preferred that
an acid concentration of about 92 to 100% be employed.
When sulfuric acid is employed as the reaction catalyst,
it is preferred that the sulfuric acid concentration be
within the range of about 75 to 90%.

In carrying out the process of the invention, the pro-

..portions of the ingredients employed may be varied
over wide limits. It is preferred to use at least one part
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.monovinyl aromatic compound by volume per part of 4

acid catalyst, up to a volume ratio of about 1000 parts
monovinyl aromatic compound per part acid catalyst.
Most preferably, the volume ratio of acid catalyst em-
ployed will range from about 2 to 50 parts per 100 parts
of monovinyl aromatic compound.

In carrying out the process of the present invention,
at least one part by volume of tetrahydrothiophene
1,1-dioxide solvent per 100 parts of monovinyl aromatic
compound up to about 100 parts by volume of tetrahy-
drothiophene 1,1-dioxide solvent per 100 parts of mono-
vinyl aromatic compound; preferably, about 2 to 50
parts by volume of the tetrahydrothiophene 1,1-dioxide
per 100 parts of monovinyl aromatic compound will be
employed.

In accordance with one embodiment of the present
invention, the tetrahydrothiophene 1,1-dioxide solvent
and acid catalyst are admixed. Thereafter, the monovi-
nyl aromatic compound is added slowly to the solvent
containing catalyst. The reaction temperature is main-
tained at about 0° to 200° C. for about 0.5 to 48 hours.
The reaction temperature and time required for a given
reaction will vary depending on the catalyst and rea-
gents employed. In addition, at higher reaction temper-
atures, shorter reaction time is required and vice versa.
When reaction is complete, the reaction mixture is
quenched, such as for example, with water, or the acid
catalyst is separated. After being neutralized, the reac-
tion mixture can be analyzed by gas liquid chromatogra-
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4

phy or subjected to vacuum distillation for product
recovery.

In accordance with another embodiment of the pres-
ent invention, monovinyl aromatic compounds can be
contacted with acid catalysts as hereinabove described
and in the further presence of olefinic compounds to
produce cyclialkylated aromatic products. It has been
found that the yield of the desired cyclialkylated aro-
matic product is greatly improved when this reaction is
carried out in the presence of a tetrahydrothiophene
1,1-dioxide solvent.

Suitable olefinic compounds are broadly contem-
plated to be organic compounds having at least one
carbon-carbon double bond and any substituents which
do not detrimentally interact with the catalyst em-
ployed for the alkylation reaction. Preferred olefinic
compounds employed in the practice of the invention
are mono-olefins. Those mono-olefins having 4 up to
about 30 carbon atoms with only one carbon-carbon
double bond, and which are capable of forming tertiary
carbocations under the alkylation process conditions
are especially preferred, because the possibility of multi-
ple alkylation reactions with consequent formation of a
mixture of products is minimized.

The especially preferred group of olefinic com-
pounds useful in the practice of my invention can also
be described by the formula

R4 R!

C=C

R3 R?

wherein each of R1, R2, R3 and R# are independently
selected from hydrogen and C; through Cjg alkyl or
cycloalkyl radicals. In addition, R! and R2 can be joined
as part of a polymethylene radical or a halogen-, alkyl-
or cycloalkyl-substituted polymethylene radical having
about 2 to about 20 carbon atoms, i.e., a carbocyclic
compound with an exocyclic double bond. Further, R!
and R# can be similarly joined as part of a polymethyl-
ene radical or a halogen-, alkyl-, or cycloalkyl-sub-
stituted polymethylene radical having about 2 to about
20 carbon atoms, i.e., a carbocyclic compound with an
endocyclic double bond.

Examples of olefinic compounds useful in the prac-
tice of the invention include isobutylene, 2-methyl-1-
butene, 2-methyl-2-butene, 2,3-dimethyl-2-butene, neo-
hexene (tertiary-butylethylene), diisobutylene (2,4,4-
trimethyl-1-pentene), 2-butene, 2-pentene, 1-methylcy-
clohexene, l-methylcyclopentene, 2-hexene, and the
like.

The molar ratio of olefinic compound to monovinyl
aromatic compound employed in the practice of the
invention can vary broadly. In order to provide further
guidance, it is suggested that a molar ratio of olefinic
compound to monovinyl aromatic compound of at least
about 0.05:1 up to about 5:1 be employed. Ratios below
the lower value provide low product yield based upon
the amount of starting material employed, while ratios
above the upper value have a tendency to produce
undesirable levels of by-products. Ratios of about 0.2:1
up to about 3:1 are preferred for efficient use of starting
materials and minimum formation of by-products,
which in turn simplifies the task of product recovery.

In accordance with yet another embodiment of the
present invention, it has been found that cyclialkylated
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aromatic compounds can be prepared by contacting
acyclic dimers of monovinyl aromatic compounds hav-
ing the structure detailed above with olefinic com-
pounds in the presence of acid catalyst and at least one
tetrahydrothiophene 1,1-dioxide solvent. Thus, the acy-
clic dimer of monovinyl aromatic compound can be
purposefully made in a separate reaction step, such as
for example, via the process described in detail above.
Alternatively, the acyclic dimer recovered as by-pro-
duct from another reaction, such as for example, the
cyclialkylation reaction described above, can be em-
ployed as the source of the aromatic portion of the
cyclialkylated aromatic product in this embodiment of
the invention.
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EXAMPLE II1

Preparation of 1,1,2,3,3-Pentamethylindane from
Alpha-Methylstyrene and 2-Methyl-2-butene

Fifty milliliters of a 1:1 molar ratio mixture of alpha-
methylstyrene and 2-methyl-2-butene (27.5 mL of al-
pha-methylstyrene and 22.5 mL of 2-methyl-2-butene)
was added over about 40 minutes to about 30 mL of
75% sulfuric acid. Once reagent addition was complete,
stirring was continued for several hours while the tem-
perature was maintained between about 24° to 28° C. To
analyze the reaction, a sample was withdrawn, washed
with water and analyzed by glc. Reaction results are
summarized in Table III designated as run 1.

A further understanding of the present invention and 15 The same procedure employed in the previous para-
its advantages will be provided by reference to the graph was repeated, further employing 20 mL of sulfo-
following non limiting examples. lane mixed with the 30 mL of aqueous sulfuric acid.

Reaction results are summarized in Table III, desig-

EXAMPLE I nated as run 2.
Dimerization of Alpha-Methylstyrene in the Absence of 20 " A third run was carried out by adding 50 mL of a 1:1
Sulfolane molar ratio of alpha-methylstyrene and 2-methyl-2-

A control dimerization reaction was carried out by buéeng totz; Srmxt;};)e Sf (2,31 mL. (if 85% %hos_p horic ac‘.d
adding 50 mL of a-methylstyrene to 20 mL of 85% ilnat; OIuOO¢7 g8 lc:os 2hoi‘ic aiirg)lx .Il.’;: f::ct?:;nfr:%grﬁk
phosphoric acid over about 20 minutes. The addition 25 y "U70 phosp s proying

- - phosphoric acid catalyst was carried out at a tempera-
was performed with thorough stirring, and vessel tem- in th f about 49°-52° C. Reacti 1
rature increased from about 25° C. to about 46° dur- ture in the range of about 43°-52" C. Reaction results
})ne the addition. When addition of a-methylstyrene was are summarized in Table IT1, designated as run 3.

g le : 1 t t p ta.u? dyt 45°_55° The same procedure as employed in the previous
Eor;xp 686}’1 vessel temperature was mainiained a 10 paragraph was repeated, further employing about 20

’ Aor jours. 1 ithd mL of sulfolane admixed with the 100% phosphoric

{ various reaction tiumes, samples were withdrawn, acid. Reaction results are summarized in Table III,
washed with water, then analyzed by gas liquid chro- designated as run 4.
matography (glc). Reaction results are summarized Yet another run was carried out with phosphoric acid
below. catalyst and added sulfolane. This time, 20 mL of 85%
TABLE I 35 phosphoric acid and 20 mL of sulfolane were admixed,
Reaction Time,  a-Methylstyrene __ Product Selectivity*, % then the 1:1 molar ratio mixture of alpha'-methylstyrene
hrs. Conversion, % D-1 D2 T™MI was adc}ed as described abqve. Reaction results are
" e > - ” summarized in Table III, designated as run 5.
8 97 54 6 34 4p TABLE III
*D-1 = acyclic dimer 1 = 2,4-diphenyl4-methyl-1 Product
D-2 = acyclic dimer 2 = 2,4-diphenyl-4-methy)-2-p Selec-
TMI = 1,1,3-trimethy)-3-phenylindan Sulfolane  a-Methylstyrene _tivity,* %
Run Acid, conc. % Added Conversion, % PMI TMI
EXAMPLE II 45 1 Sulfuric, 75 No >90 49 24

. .. R 2 Sulfuric, 75 Yes 90 63 18

Dimerization of Alpha-Methylstyrene in the Presence 3 Phosphoric, 100 No 100 37 37
of Sulfolane 4  Phosphoric, 100 Yes 100 54 13
. . L. . . 5  Phosphoric, 85 Yes 100 4 92**
Invention dimerization reactions were carried out PMI = 102,33 pentamethyTindane
according to the procedure set forth in Example I, fur- 55 TMI = 1,1,3-Trimethyl-3-phenylindane
; i ; **Mixed dimers =
ther emplloymg 20 mL _of sulfolane admixed W}th t}_le 81%"]‘;_1 (f:f;ipheny] 4 methyl 1. peaten),
phosphoric acid. Reaction results are summarized in 10% D-2 (2,4-diphenyl-4-methyl-2-pentene), and
Table II. 1% TMI (1,1,3-trimethy]-3-phenylindane)
TABLE IT 55 The results presented in Table III demonstrate the
Reaction Time, ~ a-Methylstyrene __ Product Selectivity*, % improved selectivity to cyclialkylated product obtained
hrs. Conversion, % D1 D2 TMI when reaction is carried out in the presence of a tetrahy-
4 98 92 5 <1 drothiophene dioxide such as sulfolane, compare runs 1
8 98 89 7 <1 and 2; 3 and 4. Run 5 demonstrates that 85% phosphric
*D-1 = acyclic dimer 1 = 2,4-diphenyl-4-methyl-1-pentene go acid is not a sufficiently strong acid to promote cy-
D-2 = acyclic dimer 2 = 2,4-diphenyl-4-methyl-2-pentene clialkylation of alpha-methylstyrene with 2-methyl-2-
TMI = 1,1,3-trimethyl-3-phenylindane .
butene under the conditions employed.

Comparison of the results presented in Tables I and IT EXAMPLE IV
demonstrates that the conversion of a-methylstyrene Cyclialkylati ¢ an Acyclic Di ¢
and the selectivity to the acyclic dimer, 2,4-diphenyl-4- 65 ychalkylation of an Acyclic Dimer o

methyl-1-pentene, are significantly improved when re-
action is carried out in the presence of a tetrahydrothio-
phene 1,1-dioxide such as sulfolane.

a-Methyistyrene with 2-Methyl-2-butene

While the temperature of a mixture of 15 mL of 75%
aqueous sulfuric acid and 10 mL of sulfolane was main-
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tained at about 33° to 38° C., a mixture comprising 8.5
mL of 2,4-diphenyl-4-methyl-1-pentene (an acyclic
dimer of a-methylistyrene, see Example I) and 9.5 mL of
2-methyl-2-butene was added with stirring over about
10 minutes. Stirring at the same temperature was main-
tained for a total of 4 hours. Periodic samples were
withdrawn and analyzed by washing with water, then
subjecting to glc analysis. Results at different reaction
times are summarized in Table IV.

TABLE IV
Reaction Time, D-1* GLC Analysis, %**
hr. Conversion, % PMI D-1 D-2 D-3
1 95 45 5 19 12
4 98 51 2 6 20

3D-1 = acyclic dimer of alpha-methylstyrene = 2,4-diphenyl-4 methyl-1-pentene
=9PMI = 1,1,2,3,3-pentamethylindane

D-2 = acyclic dimer of alpha-methylstyrene = 2,4-diphenyl-4-methyl-2-pentene
D-3 = cyclic dimer of alpha-methylstyrene = 1,1,3-trimethyl-3-phenylindane

The results of these experiments demonstratie that
acyclic dimers of a-methylstyrene can be employed as
the starting material for the preparation in good yield of
cyclialkylated products of a-methylstyrene.

EXAMPLE V

A mixture of about 10 mL of 2,4-diphenyi-4-methyl-
2-pentene (acyclic dimer of alpha-methylstyrene, re-
ferred to as D-2) and 10 mL of 2-methyl-2-butene was
added over a period of about 15 minutes to a stirred
mixture of 10 mL of sulfolane and 15 mL of 75% sulfu-
ric acid, maintained at about 34° C. Once addition was
complete, the mixture was stirred for about 4 hours,
before reaction was quenched by a water wash, then
analyzed by glc. Results are summarized in Table V.

TABLE V
Product Selectivity,** %
Run  Aromatic Reactant* PMI D-1 D-2 D-3
6 a-MS 55 1 3 22
7 D-1 51 2 6 20
8 D-2 4“4 4 14 20
9 D-1/D-2/D-3*** 40 ND 4 41

*Aromatic reactant:

a-MS = alpha-methylstyrene

D-1 = 2,4-diphenyl4-methyl-1-pentene

D-2 = 2,4-diphenyl-4-methyl-2-pentene

D-3 = 1,1,3-trimethy}-3-phenylindane

**Products

PMI = 1,1,2,3,3-pentamethylindane

D-1, D-2, D-3, see above.

*#**Charge ratio of the mixture was 34%/20%/43%
ND = not detectable.

Run 6 is a comparison run showing the yield of
1,1,2,3,3-pentamethylindane (PMI) obtained directly
from a-methylstyrene and 2-methyl-2-butene. Runs 7, 8
and 9 demonstrate that good yields of PMI are also
obtained when acyclic dimers of alpha-methylstyrene,
D-1 and D-2, as well as mixtures thereof, are used as the
aromatic moiety to be alkylated. The results of runs 7, 8
and 9 suggest that the order of reactivity of the various
alpha-methylstyrene dimers is D-1>D-2>D-3.

The examples have been provided merely to illustrate
the practice of my invention and should not be read so
as to limit the scope of my invention or the appended
claims in any way. Reasonable variations and modifica-
tions not departing from the essence and spirit of my
invention, are contemplated to be within the scope of
patent protection desired and sought.

I claim:
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1. A process for preparing acyclic dimers of monovi-
nyl aromatic compounds having the formula

R
=

or

R’ R'o2
wherein R is H or a C;-Cjo carbon radical, R’ is a
C1-Cjp carbon radical, a halide or an alkoxy derivative
having the structure —OR, wherein R is as defined
above, x is 0-4, inclusive, with the proviso that at least
one ortho position with respect to the vinyl substituent
is' not substituted, and y is 04, inclusive, said process
comprising
contacting said monovinyl aromatic compound in the
presence of an acid catalyst and at least one tetra-
hydrothiophene 1,1-dioxide having the formula:

SOz

R’y

wherein each R’ is independently as defined above and
y is as defined above, under conditions suitable for the
formation of acyclic dimers.

2. A process in accordance with claim 1 wherein said
acid catalyst is at least one selected from the group
consisting of:

H3POy4, and

H>S04.

3. A process in accordance with claim 1 wherein the
volume/volume ratio of said monovinyl aromatic com-
pound to said acid catalyst is within the range of 1 to
1000:1.

4. A process in accordance with claim 1 wherein the
volume/volume ratio of said monovinyl aromatic com-
pound to said tetrahydrothiophene 1,1-dioxide is within
the range of 1 to 100:1.

5. A process in accordance with claim 1 wherein said
tetrahydrothiophene 1,1-dioxide is sulfolane.

6. A process in accordance with claim 1 wherein said
monovinyl aromatic compound is alpha-methylstyrene.

7. A process for preparing cyclialkylated aromatic
compounds which comprises contacting the product of
claim 1 with at least one olefinic compound having the
formula

R* R!
c=C

R3 R?
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wherein each of RI-R4is independently selected from
H and C;-Cjo alkyl or cycloalkyl radical; or R! and R?
or Rland R4can be joined as part of a polymethylene or
alkyl- or cycloalkyl-substituted polymethylene radical
having two to about 20 carbon atoms, wherein said
olefinic compound is capable of forming a tertiary car-
bocation under the process conditions, in the presence
of:

(i) an acid catalyst and

(ii) at least one tetrahydrothiophene 1,1-dioxide hav-

ing the formula:

SO,

R’y

wherein each R’ is independently a C;-Cjo carbon
radical, a halide, or an alkoxy derivative having the
structure —OR, wherein R is H or a C;-Cjpcarbon
radical, and y is 0-4, inclusive, under conditions
suitable for the formation of cyclialkylated aro-
matic product.

8. A process in accordance with claim 7 wherein said
olefinic compound is selected from the group consisting
of:

2-methyl-1-butene,

2-methyl-2-butene,

2,3-dimethyl-1-butene,

3-methyl-1-butene,

neohexene,

isobutylene, and

diisobutylene.

9. A process for preparing cyclialylated products
from monovinyl aromatic compounds and olefinic com-
pounds which comprises contacting

(a) at least one aromatic compound having the for-

mula

or

R’ R'g-2
wherein R is H or a C1-Cjp carbon radical, R' is a
C1-Cio carbon radical, a halide or an alkoxy deriv-
ative having the structure —OR, wherein R is as
defined above, x is 0-4, inclusive, with the proviso
that at least one ortho position with respect to the
vinyl substituent is not substituted, and y is 0-4,
inclusive, and

(b) at least one olefinic compound having the

for-
mula: :
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R4 R!
Cc=C
R3 R2
wherein each of R1-R# is independently selected
from H and C;~Cjo alkyl or cycloalkyl radical; or
Rland R2/0rR2 or R! and R# can be joined as part
of a polymethylene or alkyl- or cycloalkyl-sub-
stituted polymethylene radical having two to about
20 carbon atoms, wherein said olefinic compound
has 4 up to 30 carbon atoms, and wherein said
olefinic compound is capable of forming a tertiary
carbocation under the process conditions, in the
presence of
(i) an acid catalyst and
(ii) at least one tetrahydrothiophene 1,1-dioxide
having the formula:

SOz

R’y

wherein each R’ is independently as defined above
and y is as defind above, under conditions suitable
for the formation of cyclialkylated aromatic prod-
uct.

10. A process in accordance with claim 9 wherein
said acid catalyst is at least one selected from the group
consisting of:

H3POy4, and

H,S04.

11. A process in accordance with claim 9 wherein the
volume/volume ratio of said monovinyl aromatic com-
pound to said acid catalyst is within the range of 1 to
1000:1.

12. A process in accordance with claim 9 wherein the
volume/volume ratio of said monovinyl aromatic com-
pound to said tetrahydrothiophene dioxide is within the
range of 1 to 100:1.

13. A process in accordance with claim 9 wherein
said tetrahyrothiophene 1,1-dioxide is sulfolane.

14. A process in accordance with claim 9 wherein
said monovinyl aromatic compound is alpha-methylsty-
rene.

15. A process in accordance with claim 9 wherein
said olefinic compound is selected from the group con-
sisting of:

2-methyl-1-butene,

2-methyl-2-butene,

2,3-dimethyl-1-butene,

3-methyl-1-butene,

neohexene,

isobutylene, and

diisobutylene.

16. A process for preparing cyclialkylated products
which comprises .contacting

(a) at least one acyclic dimer of a monovinyl aromatic

compound having the formula:
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Ar Ar
/l\/\ SO,

R 5

R" _
R’y
Ar Ar
Z wherein each R’ is independently a C;-Cjg carbon

R 10 radical, a halide or an alkoxy derivative having the

R” structure —OR, wherein R is H or a C1-Cjpcarbon

wherein R is H or a C}-Cjgcarbon radical, R” is H
or a C;—Cy carbon radical and Ar is an aromatic or
substituted aromatic ring having 6-20 carbon
atoms, and

(b) at least one olefinic compound having the for-
mula:

R* R!
c=C
R3 R2
wherein each of R1-R# is independently selected
from H and C;-Cjg alkyl or cycloalkyl radical; or
R!and R? or R! and R# can be joined as part of a
polymethylene or alkyl- or cycloalkyl-substituted
polymethylene radical having two to about 20
carbon atoms, wherein said olefinic compound has
4 up to 30 carbon atoms, and wherein said olefinic
compound is capable of forming a tertiary carboca-
tion under the process conditions, in the presence
of
(i) an acid catalyst and
(ii) at least one tetrahyrothiophene 1,1-dioxide hav-

ing the formula:
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radical and y is 0-4, inclusive, under conditions
suitable for the formation of cyclialkylated aro-
matic product.

17. A process in accordance with claim 16 wherein
said acid catalyst is at least one selected from the group
consisting of:

H3POy4, and

H,S04.

18. A process in accordance with claim 16 wherein
the volume/volume ratio of said monovinyl aromatic
compound to said acid catalyst is within the range of 1
to 1000:1.

19. A process in accordance with claim 16 wherein
the volume/volume ratio of said monovinyl aromatic
compound to said tetrahydrothiophene 1,1-dioxide is
within the range of 1 to 100:1.

20. A process in accordance with claim 16 wherein
said tetrahydrothiophene 1,1-dioxide is sulfolane.

21. A process in accordance with claim 16 wherein
said olefinic compound is selected from the group con-
sisting of:

2-methyl-1-butene,

2-methyl-2-butene,

2,3-dimethyl-1-butene,

3-methyl-1-butene,

neohexene,

isobutylene, and

diisobutylene.
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